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Abstract: The municipal solid waste processing, landfilling and utilization of the gas to
generate electric power and lower the emissions have been used in developed countries for
decades, however it is relatively new in Turkey. The new regulations force municipalities in
the country to build landfills to safely store the waste and secure the emission gases. The
landfill gas can be utilized to produce energy and heat or if the quality is high it can be
transported to a natural gas pipeline. In this paper, an overview of landfill gas to energy
plants in the world is presented, and the situation in Turkey is analyzed.
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1. INTRODUCTION
The storage and elimination of municipal solid waste (MSW) has became a problem
of science and technology especially after the growth of urban areas and population.
One common way to handle the MSW is the landfilling the wastes and utilize the
landfill gas (LFG) in some ways such as flaring, power generating, or heating. The
idea behind the methods is same and it is to control the outputs of wastes and limit
the environmental impacts. Additionally recycling the energy content of waste to
another energy type and generate extra benefit out of it is another objective. The
GHG emissions released from the waste increases the pollution level and cause an
explosion danger if the methane (CH4) level increases. The economic,
environmental and safety issues related with MSW handling force governments to
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develop policies for waste processing. However, there is still a considerable amount
of difference between developed countries and under-developed or developing
countries in terms of MSW handling and landfilling.  For example almost no
country in Africa continent still has active landfill project whereas almost all
European countries have. Global initiatives about the protection of the environment
and the increase in energy demand force all countries to consider building the
landfill projects. The collected LFG can be flared to generate heat for the boilers,
space heating, cooling or co-firing. The higher quality of LFG can be utilized and
transported to natural gas network to be used as fuel. It is also possible to use LFG
in chemical manufacturing industry and soil remediation. When it is economical,
the preferred option of LFG usage is to utilize the collected gas to generate electric
power.
(Jaramillo and Matthews, 2005) present a work on the net private and social
benefits of LFG to energy projects in US. They do a background analysis,
technology overview, economic analysis and present case studies which LFG to
energy project planners can use directly to evaluate the potential and feasibility of a
particular landfill location. (Themelis and Ulloa, 2007) provide an overview of CH4
generation process in landfills and then show a good overview of LFG utilization in
US states.  It is estimated that 13% of greenhouse gas emissions (GHG) in the
world are generated from solid waste and US has landfills to utilize to lower the
emissions. (Hao et al., 2008) show the LFG utilization in the world along with
available technologies and total energy and environmental benefits can be gained
when the LFG to energy option is used. They analyze the landfills in Hong Kong
and do an economic feasibility analysis for the case studies particularly to analyze
the feasibility of trigeneration technology. (Willumsen, 2003) analyzes the LFG to
energy plants in the world showing the number of plants in each country and
generating capacity. (Qin et al., 2001) discuss the details of fundamental and
environmental aspects of LFG to energy process. They analyze the effect of gas
mixture on burn efficiency and emission outputs. (Bove and Lunghi, 2006) analyze
the traditional and innovative technologies that are used in LFG based energy
generation. They first show the LFG generation phases and compare the available
technologies that can be used for power generation and then present an economic
analysis based comparison for case studies. (Thompson et al., 2008) aim to
determine targets and strategies to reduce GHG emissions from landfills by
modeling LFG generation process. (Balat, 2007) provides an overview of biofuels
and policies in European union showing the sources and distribution of each
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country. (Kaygusuz and Turker, 2002) present a work for the biomass energy
potential of Turkey. (EPA, 2011) provide a good database for LFG generation
models and technologies. A spreadsheet based LFG generation estimation tool called
landgem is provided along with different LFG generation models for China,
Colombia, Ecuador, Ukraine, Mexico, Phippines and Thailand. (Shin et al, 2005)
do a scenario analysis for the utilization of LFG to energy in South Korea
considering other fuel resources and possible growth scenarios. (Ediger and Kentel,
1999) present an evaluation study for the renewable energy sources in Turkey.
The research about the utilization of MSW and LFG in Turkey is limited in
literature. A LFG generation model that is developed for Turkey and a research for
the potential of LFG to energy plants and its effect of GHG reduction should be
analyzed. The objective of this research is to evaluate the current status of Turkey
and compare the status with other countries.
2. LFG TO ENERGY GENERATION TECHNOLOGY
The first step should be to determine if the CH4 gas generation in landfill site is
sufficient to support a power plant. The possible screening criteria might include
minimum MSW amount, depth, annual precipitation, the close date of the landfill,
and waste that can be provided to support the landfill. If the landfill passes the first
screening process, the next step should be to estimate the gas flow per year that will
show the amount of power that can be generated. Landgem is one of the option that
can be used at this step (EPA,2011).
The municipal solid waste is collected and the landfill area is closed to additional
waste placement. LFG generation may begin as soon as the waste decompose begins
and the gas can be collected for the utilization. The typical way to collect the gas is
to embed vertical wells to the waste area to collect the gas outputs from the
decomposed waste. The wells are connected to a lateral piping system which pumps
gas to a central manifold for further processing. Horizontal piping that is used
especially for deeper landfills is another option for gas collection. It is also common
to use a mix of vertical and horizontal piping for landfills. The content of the
produced LFG varies and depends on the waste composition. However, typical LFG
contents can be summarized as in Table 1 (Hao et al., 2008; Bove and Lunghi,
2006; Themelis and Ulloa, 2007).
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Table 1. Typical components of a LFG
Constituent gas Average concentration
Methane (CH4) 50%
Carbon dioxide (CO2) 45%
Nitrogen (N2) 5%
Oxygen (O2) <1%
Hydrogen sulfide (H2S) 21 ppmv
Halides 132 ppmv
Non-CH4 organic compounds 2700 ppmv
Almost 95% of LFG consists of CH4 and CO2 which are accepted as harmful for the
environment if not prevented.  The global warming potential of CH4 is 23 times
higher than that of CO2 which increases the importance of CH4 capture. The
released CH4 and CO2 have potential of harming the vegetations and causing
undesired odors.  Besides when the CH4 concentration in air reaches 5-15%, an
explosive mixture is formed that causes an unsafe condition for the public (Hao et
al., 2008; EIA, 2011).
In a LFG to energy system, the LFG collection system is connected to a power
generator that typically uses gas as the energy resource. The common electricity
generation technologies can be classified as reciprocating internal combustion
engine (RICE), gas turbine (GT), steam turbine (ST), stirling cycle engine, and fuel
cells. The newly developed combined heat and power (CHP) systems are also able
to produce both heat and electrical power. Table-2 shows the technologic and
economic characteristics of different power generation technologies from LFG
((Bove and Lunghi, 2006; Hao et al., 2008; EPRI, 2002).
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Table-2. Techno-economic characteristics of LFG to energy technologies
Characteristics RICE
Gas
turbine
Stirling
engine
Steam
turbine Fuel cell
Applicable size range
(kW) 500-25000 500-25000 1-200 25-25000 5-2000
5-year project cost
($/Kw) 300-1300 700-900 2000-36000 800-1000 2000-3000
Electrical efficiency (%) 25-45 25-40 38.5 30-42 45-50
Maintenance cost ($/Kw)
0.007-
0.015
0.002-
0.008 0.005-0.01 0.004
0.005-
0.015
NOx emission (g/KWh) 2.72 0.73 0.15 0.95 Trace
CO emission (g/KWh) 2.72 0.91 0.75 1.63 0.68
%70 of LFG to energy projects employs RICE technology as it has higher efficiency
rate, with lower cost, and relatively higher emission rate. Although the RICE is
more suitable for small-sized generation plants, it is also possible to use multiple
generators together to get a higher generation capacity. The gas turbines are usually
preferred for large projects and stirling engines for much smaller landfills which
often times might be the case (EPA, 2011). The GHG outputs of the landfills are
decreased if proper LFG control technologies are used. The 60-90% of the CH4
that is generated in a landfill will be captured depend on the design and
effectiveness of the system. This method directly reduces the GHG emissions as the
captured CH4 is burned to produce electricity or heat. On the other hand, the
energy that is gained from the LFG displaces fossil fuels that are needed to generate
the same amount of energy. Hence, the GHG outputs from such fuels will be saved
indirectly.
The LFG generation process can be summarized in 5 phases. After the waste is
closed, the first phase is aerobic decomposition in which the waste is decomposed
and digested with the air. This period can take one year and less CH4 is generated.
The second phase is anaerobic-acidogenic phase in which CO2 generation is
increasing and energy release rate is low due to the anaerobic conditions. In the
third phase the energy release increases as the CH4 generation increases due to the
oxidation of acids and alcohols. In methanogenesis phase, products are converted to
CH4 and CO2 of which the amount depends on the waste content. This is the
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longest phase and much energy is gained during this phase. In the last step which is
called maturation the gas and energy generation decrease.
3. LFG TO ENERGY IN TURKEY AND WORLD
The LFG generation depends on the amount of landfilled waste, the mixture of the
waste, and the physical structure of the environment where the waste is disposed. In
USA, 250 million ton of MSW were produced in 2008 and 54% of the waste was
landfilled. Each million ton of waste is able to produce roughly 4465000 (m3) LFG
each year for up to 30 years after landfilled and roughly 284 MWh/year of power
can be generated using the LFG with various technologies.  There are more than
500 LFG energy projects currently operating in US of which 354 of them generate
electricity and remaining projects provide heat and pipeline gas. It is estimated that
13000 GWh/yr electricity is generated and 100 billion cf of LFG is produced for
heating and pipelines.
In Europe on the other hand, the LFG projects are widely used for waste disposal.
Germany, UK and Italy are three countries with largest number of LFG to energy
plants respectively. Table 3 shows the distribution of LFG to energy plants in the
world (Willumsen, 2003; Hao et al., 2008; EPDK, 2011).
Table 3. LFG to energy projects in the world
Country Plants Capacity (MW) Country Plants Capacity (MW)
Australia 18 76 Latvia 1 5
Austria 15 22 Mexico 1 7
Brasil 7 11 Norway 30 28
Canada 15 106 Poland 19 18
Check Republic 6 7 Portugal 1 2
China 4 4 South Africa 4 4
Denmark 23 22 Spain 14 36
Finland 14 12 Sweden 61 55
France 26 30 Switzerland 7 7
Germany 182 270 Taiwan 4 20
Greece 1 13 Turkey 6 39
Holland 47 62 UK 151 320
Hongkong 8 32 USA 354 2378
Italy 135 362 Total: 1157 3694Korea 3 16
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It is shown that the utilization of LFG is increasing as the population density and
development level increases. The utilization of LFG in Turkey is new and the efforts
have begun after 2000. The explosions of waste disposal sites in 90’s, the
environmental regulations and the efforts to integrate to European Union have
forced Turkey to take new precautions for the handling of wastes. The new
legislations which came to play in 2005 about the processing of MSW brought
regulations for municipalities to build landfills for the disposal of the MSW.
Furthermore minimum price and purchase guarantee are provided for the electricity
produced from LFG. As a result, new plants were build and municipalities are
planning new facilities. Table 4 shows the current LFG plants in Turkey (EPDK,
2011).
Table 4. LFG to energy projects in Turkey
Name of the LFG
plant City
Under construction
(MW)
Active
(MW)
Total
(MW)
Year
begin
Operating
period
ICKAMD Istanbul 0 4.02 4.02 2003 10
Odayeri Istanbul 0 13.86 13.86 2009 24
Komurcuoda Istanbul 1.76 7.56 9.32 2009 23
ITC-KA Ankara 0 11.3 11.3 2006 49
EEAS Istanbul 5.23 0.98 6.218 2004 49
Aksa Bursa 0 1.39 1.39 2003 20
CEV Energy Gaziantep 2.3 0 2.3 2011 49
Total 9.29 39.11 48.40
The flaring of LFG in landfills reduces the GHG in MSW and hence decreases
GHG contribution to total emissions. Figure 1 shows the share of waste based
GHG emissions on total emissions both in Turkey and 27 European countries (EC,
2011).
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Figure 1. Percentage of waste based GHG emissions in Turkey and Europe
Notice that when the LFG plants increase, the contribution of waste to emissions
decreases. There is a huge difference between Turkey and Europe and the way to
decrease the gap is to build LFG plants to flare the LFG.
6. COCLUSION
It is important to utilize the energy sources efficiently in an environment where the
demand for energy, the cost of fossil based power generation and the amount of
emissions are increasing. The investment for renewable energy sources such as wind
and hydro accelerated as a response to the increasing energy demand. The developed
countries increase their investments on the efficient storing of MSW in landfills and
energy or heat generation from LFG. In this paper, an overview of LFG usage in the
world is presented, and then the situation in Turkey is explained. It is estimated
that if the current projects are completed, the emissions can be decreased to a level
that is very close to European standards and MSW can be utilized to generate more
electric power.
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